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Summary

The Sierra Nevada Ecosystem Project identified aquatic and riparian
systems as the most altered and impaired habitats of the Sierra Nevada range.
Devils Postpile National Monument includes many kilometers of high-elevation
stream habitat and associated meadow habitat, dominated by the Middle Fork
of the San Joaquin River. This environment is under significant pressure from
intense usage. Although there has been little inventory of invertebrates in
Devils Postpile, these fauna are an important group to survey because of the
variety of ecosystem services that they provide. Invertebrates include primary,
secondary, tertiary, and higher-level consumers, and in turn invertebrates are a
critical food resource for a variety of terrestrial, aquatic, and flying species.

This inventory investigated fauna throughout the riparian corridor of the
Middle Fork of the San Joaquin River. We sampled riffle and pool habitats in the
river and both flooded and dry portions of meadows. We chose quantitative
sampling devices for use in this inventory so that we could also report baseline
ecological data.

Sampling was performed over two growing seasons, from May 2003
through October 2004, from snowmelt until snowfall, and we have also included
limited data collected before the start of the project, during the summer of

2002. We sampled flooded meadow habitat with a throw trap which is a



guantitative device for sampling still, shallow water with submerged and/or
emergent vegetation. We sampled terrestrial habitat with a vacuum net
apparatus. As we sought a method as efficient across a wide range of fauna as
throw trapping, we tested the efficiency of the vacuum net in two different
ways. Despite the efficiency of the vacuum netting technique, there are
concerns about using this protocol in wilderness areas, because the vacuum is a
mechanized device. Pitfall trapping is a possible non-mechanized alternatives to
vacuum netting. We were able to add a comparison of the assemblage
characterization provided by vacuum netting versus that determined by pitfall
trapping at no cost to NPS (National Science Foundation funding). We used
Surber sampling for riffles and substrate sampling for pools in an effort to
complement previous kick-net sampling in the San Joaquin and to provide
density data on assemblages. The Surber sampler targets small organisms that
use cobble beds in shallow riffle habitats. We sampled pools with basket
substrate samplers that make use of materials found on the river bottom; these
materials are enclosed in a wire basket and sunk into the sediment and cobbles
such that the top of the basket was level with the substrate.

Surber samplers, substrate samplers, throw trapping and vacuum netting
all produced quantitative density data. Pitfall trapping remains an alternative

for terrestrial sampling but did not sample flying fauna and provided only catch-



per-unit-effort data and is also disruptive to meadow habitat. Sweep netting
and baiting may be better alternatives for non-mechanized sampling in
meadows.

We documented 77 taxa from dry meadow habitat, 29 from flooded
meadow habitat, and 51 from the San Joaquin River. The 77 taxa from dry
meadow habitat represented eleven orders and 50 families, the highest
diversity overall. In contrast, the 29 taxa from flooded meadow habitat were
from six orders and fifteen families, and the 51 taxa from the river represented
six orders and 27 families. Virtually all taxa from the meadows were new
records for the Monument. About 40% of the river fauna were new records for
Devils Postpile. Family richness was high for Diptera (flies and relatives) across
all three habitats. In addition, family richness was high within the Coleoptera
(beetles), Hymenoptera (wasps, ants), and Araneae (spiders) in the dry
meadow and within Ephemeroptera (mayflies), Trichoptera (caddisflies), and
Plecoptera (stoneflies) in the river.

Groups for which richness was high at the genus level varied among the
three habitats. In the dry meadow, richness was greatest in the Cicadellidae
and Delphacidae (two families of leafhoppers), the Formicidae (ants, in the
order Hymenoptera), and the Chloropidae (a dipteran family). In the flooded

meadow, Dytiscidae (predaceous diving beetles), Hydrophilidae (water



scavenger beetles), and Culicidae (mosquitoes, Diptera) had the highest
richness. In the river, we found the greatest richness in Ephemerellidae (a
family of mayflies) and Chironomidae (a gnat family, Diptera).

Wet meadow habitat and riffles each harbored about 800 animals per
square meter, versus about 200 per square meter in the dry meadow habitat.
The substrate samplers yielded a striking 87,000 animals per cubic meter. Pools
and other low-flow habitats appear to represent a significant resource. Both
meadow and river fauna demonstrated a relatively high level of dominance.
Diptera were abundant in all examined Devils Postpile habitats. There were
greater numbers of meadow fauna present in early season than in late season. It
is possible that invertebrate assemblages are even more sensitive than flora to
grazing impacts in early season but more resistant to disturbance in late
season. In contrast, riffle abundances were about twice as abundant in late
season as in early season.

Diversity in Postpile dry meadow habitat was relatively high and similar to
analogous habitat in Tuolumne Meadows. Given the ephemeral nature of the
flooded meadow habitat, diversity lower than that of dry meadow habitat is not
surprising. Diptera, Ephemeroptera, Coleoptera, Trichoptera, Odonata, and
Hemiptera (true bugs) were collected in both Devils Postpile and Tuolumne

flooded habitat, but Plecoptera (stoneflies), and Collembola (springtails) were



found in Tuolumne but not in the Postpile. Although 40% of the river
arthropods were new records, the river fauna was generally similar to that
described by previous work in the San Joaquin, particularly at the family level.

Densities for Devils Postpile meadow fauna were essentially similar to
those observed in Tuolumne, although numbers in both wet and dry samples
were somewhat lower in the Postpile. Our work suggests that there are
aquatic/terrestrial linkages both within meadows and with other habitats. In
contrast to the results from the meadows, the greatest abundance of river
fauna occurred in late season.

The more heavily used east meadow had many fewer fauna in flooded
meadow habitat than were found in the west meadow. There were not
pronounced differences in overall abundances in dry meadow habitat
abundances between the two meadows. The lower number of fauna present in
flooded habitat in the east meadow may be a function of use history, natural

hydrologic regime, or both.



Introduction

The Sierra Nevada Ecosystem Project (1996) identified aquatic and
riparian systems as the most altered and impaired habitats of the Sierra Nevada
range. This landscape has been impacted by numerous anthropogenic
stressors, including hydrologic modification (dams, diversions), logging,
livestock grazing, human trampling and social trailing, mining, road building,
exotic species, recreational and urban development, pesticide use in nearby
agricultural lands, and climate change. Invertebrates have been particularly
impacted by trail use, trampling, packstock grazing, and introduced trout, and
long-term monitoring of this group is desirable in order to detect significant
changes in assemblages and assist resource managers in mitigating the impacts
of stressors. However, invertebrates have been largely ignored by historical
inventory and monitoring programs throughout the NPS and by land managers in
general; Clark and May (2002) demonstrated that vertebrates are grossly
overrepresented in conservation and management efforts, whereas
invertebrates are poorly represented in such programs. Although pilot surveys
suggest a wealth of invertebrate biodiversity in the Sierra Nevada Ecosystem
(Kimsey and Cranston. 2002, Holmquist and Schmidt-Gengenbach 2005), there
is much to learn about assemblage composition, seasonality, microhabitat use,

variability, or response of invertebrate populations to disturbance.



Devils Postpile National Monument includes many kilometers of high-
elevation stream habitat, including the Middle Fork of the San Joaquin River.
These habitats harbor high proportions of endemic taxa in insect groups such as
the stoneflies and caddisflies and typically contain invertebrate assemblages
composed of dozens of species with diverse roles in food webs, thus
representing a significant resource. Chief among inventory needs is a thorough
knowledge of the invertebrate assemblage. The Sierra Nevada Network Plan
identified invertebrate inventory as a critical need (USDI 2001), and aquatic
invertebrates were given a “highest priority” ranking among potential vital signs
for Devils Postpile (USDI 2002a), yet an inventory has not been completed.
Terrestrial invertebrates are even more poorly known throughout the Sierra
Nevada ecosystem. There has been no inventory of terrestrial invertebrates in
Yosemite National Park, although the need is acknowledged (USDI 2002b), or in
Devils Postpile, and there has only been a pilot project in Sequoia and Kings
Canyon National Parks (Kimsey and Cranston 2002). In summary, invertebrates
are known to be critically important to ecosystem function, but remain poorly
understood in Devils Postpile and throughout the Sierra Nevada Network.

Invertebrates are a good target group for inventory, because this group
includes primary, secondary, tertiary, and higher-level consumers, and in turn

invertebrates are a critical food resource for a variety of terrestrial, aquatic, and



flying species. Assessment of trail and grazing disturbances in Yosemite
suggests that these impacts cascade through the invertebrate food web
(Holmquist 2004; Holmquist & Schmidt-Gengenbach 2002), and invertebrates
have been shown to be similarly sensitive to recreation impacts in other
systems (Eckrich & Holmquist 2000, Uhrin & Holmquist, 2003, Holmquist and
Schmidt-Gengenbach 2005). Thus, a baseline survey of invertebrates is
valuable for assessment of future disturbances and should be a useful
contribution to the Sierra Nevada Ecosystem database.

This survey investigated fauna throughout the riparian corridor of the
Middle Fork of the San Joaquin River and adjacent meadows. We sampled riffle
and pool habitats in the river and both flooded and dry portions of meadows.
We chose quantitative sampling devices for use in this inventory so that we

could also report baseline ecological data and trends in space and time.
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Methods

Sampling was performed over two growing seasons, from May 2003
through October 2004, from snowmelt until snowfall (Fig 1). We have also
included limited data collected before the start of the project, during the
summer of 2002. Meadow sampling included both wet (early season, aquatic
and pond-like) and dry (mid- and late-season, terrestrial) phases (Fig 1). Both
aquatic and terrestrial sampling was performed such that as much spatial and
temporal variability as possible was included in the inventory. To this end
samples were evenly allocated among months but were randomly allocated to
individual days throughout the season and to individual hours within sampling
days. Aquatic samples were randomly allocated throughout the river reach (Fig
2, Table 1). Meadow samples were divided between the east (historically more
impacted by trampling and trailing and also dryer) meadow and west (relatively
pristine and wetter) meadow. Samples within meadows were allocated
randomly.

Aquatic meadow fauna. We sampled flooded meadow habitat with a
throw trap (Fig. 3) which is a quantitative device for sampling still, shallow
water with submerged and/or emergent vegetation (Kushlan 1981, Holmquist

et al.,, 1989). The throw trap (or drop trap) is a box lacking a solid top or
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bottom that is cleared of fauna with a net. The trap has been shown to be
highly efficient, relative to other collecting devices, for quantitatively sampling
fauna in vegetated aquatic habitats (Kushlan 1981, Jacobsen & Kushlan 1987,
Rozas & Minello 1997). Throw trapping of well-separated stations is effectively
sampling with replacement (Jacobsen & Kushlan 1987), and re-sampling
vegetated sites at six month intervals over a period of four years does not
cause shifts in measures of vegetation cover or assemblages of mobile fauna
(J.G. Holmquist, pers. obs.). Throw traps have been used in a number of
habitats including freshwater marshes (Erwin et al. 1985, Jordan et al. 1994,
Ruetz et al. 2005), shallow seagrass beds (Holmquist et al. 1989), seagrass
several meters below the surface (Holmquist 1997), flooded Mojave playas
(Brostoff et al. submitted), and in flooded subalpine meadows in the Sierra
(Holmquist and Schmidt-Gengenbach 2005).

We used a device and protocol derived from that of Kushlan (1981) and
Holmquist et al. (1989). The trap was a 0.75 mx 0.75 m box without a top or
bottom and constructed of sheet aluminum. The clearing device was a 0.75 m-
wide framed and handled net (bar seine) with 0.5 mm square mesh. The trap
was thrown downwind (Fig 3) and then pressed into the sediment. The bar
seine was passed repeatedly through the trap (Fig 4) for a minimum of ten

passes and until three successive passes produced no additional animals. The
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bar seine was washed in a tub until free of fauna after each pass (Fig 4). We
then sorted fauna live, on site (Fig 4). Live sorting aids in discriminating
animals from detritus and other material. Large samples were subsampled with
a plankton splitter (Fig 4).

Terrestrial meadow fauna. We sampled terrestrial habitat with a vacuum
net apparatus (Fig 5). Vacuums with nets inserted in the intake tube generally
offer an improvement in efficiency over other methods of sampling
invertebrates in vegetation, and this technique has been used in a variety of
studies (e.g., Richmond and Graham 1969, Hand 1986, Macleod et al. 1994).
Vacuums are more efficient than visual censuses (Arnold et al. 1973) or sweep
netting (e.g., Dietrick et al. 1960, Arnold et al. 1973, Buffington and Redak
1998), especially for ground dwellers (New 1998), because sweep netting
underestimates ground-dwelling invertebrates (Whittaker 1952, Hughes 1955).
This increased efficiency incorporates both abundance and species richness
(Buffington and Redak 1998). Vacuums also cause less damage to
invertebrates than sweep netting (Callahan et al. 1966) and are particularly
efficient at removing animals in litter and lower vegetation (Stewart and Wright
1995). Vacuum sampling has been found to be most efficient when used with

some form of enclosure box which is placed prior to suctioning (Henderson and
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Whittaker 1977, Hower and Ferguson 1972, Harper and Guynn 1998), although
enclosures are often not used.

Despite the general efficiency of vacuum sampling, this method has not
worked well in capturing rapidly-moving insects (Powell et al. 1996). The
operator creates disturbance, and even if an enclosure box is used, flying and
other vagile insects will flee the area before the enclosure is placed. Much of
the efficiency of throw trapping is a function of the “throwing,” i.e., by tossing
the trap from a distance, animals are captured before the field personnel are
detected by the fauna. In an effort to create a terrestrial analog to the throw
trap, Holmquist and Schmidt-Gengenbach (2002), constructed a 0.5 m? steel
guadrat with a conical mesh covering (Fig 5). The mesh cone has an elasticized
hole at the apex through which a vacuum intake tube can be inserted. This
guadrat is thrown toward the target area from a distance and staked in place to
form a seal with the substrate. The vacuum intake is then inserted through the
mesh aperture for sampling (Fig 5).

We used a Craftsman 320 km/h gasoline vacuum modified with a mesh
collecting chamber inserted in the intake tube in conjunction with the netted
guadrat (Fig 5). Henderson and Whittaker (1977) and Hossain et al. (1999)
found that vacuum sampling is most efficient if initial vacuum passes are made

and then followed by clipping of vegetation and additional vacuuming. After
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staking the quadrat, we made multiple passes through the vegetation with the
vacuum intake from different orientations over a two-minute period. Then the
intake was removed, and the vegetation was clipped with trimmers inserted
through the elasticized aperture of the netted quadrat. The trimmers were
then removed and the intake inserted for an additional two minutes of sampling.
The intake was then extracted from the quadrat, the integral mesh collecting
bag was removed from the intake tube, and the fauna and litter were
transferred to a bag and placed on ice. Sorting was done at the laboratory.
Vacuum net efficiency. As we sought a method as efficient across a wide
range of fauna as throw trapping, we tested the efficiency of the method in two
different ways. 1) We released known numbers of both flying and non-flying
insects into a previously-placed netted quadrat in order to test vacuuming
efficiency. 2) We assessed the contribution of the thrown netted quadrat by
sampling a naturally occurring assemblage with and without the netted quadrat.
In the first test, we used crickets, Acheta domesticus, and ants, Formica
argentea, as our subject organisms. The animals were released into the netted
guadrats and given a settling period as recommended by Hossain et al. (1999)
before sampling using our protocol. Fifteen crickets and 25 ants were released

into each of four netted quadrats.
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In the second test, we assessed the usefulness of the thrown netted
guadrat by completing 14 pairs of net/no-net samples using our netted quadrat
and a non-netted quadrat. The netted and unnetted quadrats were thrown into
the same vegetated habitat and sampled with the vacuum.

Comparisons with pitfall trapping. Despite the efficiency of the vacuum
netting technique, there are concerns about using this protocol in wilderness
areas, because the vacuum is a mechanized device. Pitfall traps, sweep netting,
and baiting are possible non-mechanized alternatives to vacuum netting. We
were able to add a comparison of the assemblage characterization provided by
vacuum netting versus that determined by pitfall trapping at no cost to NPS
(National Science Foundation funding).

We established eight replicate matrices of pitfall traps in Devils Postpile.
Each replicate included fifteen individual traps arranged in three rows and five
columns with a 1m spacing. Pitfall traps consisted of clear plastic cups, 7.6 cm
in diameter and 7.6 cm deep. The cups were placed in holes of the same
dimensions, excavated with a hand trowel, so that the lip of the plastic
container was level with the ground. The cores of soil and plant matter from the
holes were placed in an area protected from sun and wind. At the conclusion of

the study each soil core was returned to its original site.
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Pilot studies indicated greater capture during daylight than at night, so
we set the 120 traps on thirteen different days in July and August of 2004. A
six-hour sampling period was used for each of these trap sets. After six hours
all captured fauna were identified to order and released.

River sampling. We used Surber sampling for riffles and substrate
sampling for pools in an effort to complement Rowan and Parmenter's (1994)
kick-net sampling in the San Joaquin and to provide density data on
assemblages. Both of our methods sample a smaller area but do so more
intensively.

The Surber sampler (Surber 1937, Hauer and Resh 1986; Fig 6) targets
small organisms that use cobble beds in shallow riffle habitats. The sampler was
a 0.3 m x 0.3 m framed net that demarcates a section of the river bed; the
associated substrate was disturbed manually, and organisms were swept
downstream into the net, providing a relatively quantitative sample. Each
sample was sorted live.

We sampled pools with basket substrate samplers (Mason et al. 1967,
Merritt et al. 1996) that make use of materials found on the river bottom;
these materials are enclosed in a wire basket and sunk into the sediment and
cobbles such that the top of the basket was level with the substrate (Fig 7).

The hardware cloth baskets were 36 cm in length, 16 cm in width, and 12.5 cm
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in height and had a square mesh size of 12 mm. The baskets were left in place
to allow colonization and siltation and were raised after one year. This method
does not depend on flow and thus is ideal for relatively quiescent pools.
Substrate samplers are also quantitative and provide population densities per
unit volume of substrate. The samplers became so integrated into the
surrounding substrate that some searching was required to locate the baskets.
Samples were sorted live; large samples were subsampled with the plankton
splitter (Fig 4).

Taxa were identified to the lowest taxonomic level possible with available
literature. We have attempted to be conservative in indicating our degree of

certainty on identifications.
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Results

Vacuum net efficiency. In the test in which fauna were released into the
netted quadrat, cricket recapture was 100% (SE= 0%, n=4), and ant recapture
was 92% (SE= 2.8%, n= 4).

More fauna were collected in the net samples than in the no-net samples
(mean= 125 versus 107 individuals/m?; SE= 35.7 and 42.7, respectively; Fig.
8), but this difference was not significant (one-tailed paired t-test, p= 0.12).
Differences were greater, and significant, when volant (flying) individuals were
considered in isolation (mean net= 54.0 individuals/m?, SE= 12.1; mean no-net=
24.4, SE= 6.65; p=0.00039; Fig. 8). Similarly, total species richness did not
differ (mean net= 12.7 species/0.25m?, SE= 1.13; mean no-net= 11.4, SE=
1.16; p=0.10; Fig. 9), but volant species richness was significantly greater in
the netted quadrats than in the non-netted quadrats (mean net= 5.86
species/0.25m?, SE= 0.417; mean no-net= 4.79, SE= 0.505; p=0.030; Fig. 9).

Comparisons of assemblage structure revealed by vacuum netting and
pitfall trapping was necessarily by percentage composition (Fig. 10), because
pitfall traps do not provide faunal densities. Pitfall traps failed to collect flying

fauna, including the two dominant taxa, Diptera (flies) and Homoptera
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(leafhoppers). Pitfall trap samples were instead dominated by Hymenoptera
(ants), Acari (mites), and Araneae (spiders).

Survey. We documented 77 taxa from dry meadow habitat (Table 2), 29
from flooded meadow habitat (Table 3), and 51 from the San Joaquin River
(Table 4). Virtually all taxa from the meadows were new records for the
Monument. About 40% of the river fauna were new records (see also Rowan
and Parmenter 1994). None of the taxa collected were sensitive species. We
collected one exotic species, the leafhopper Exitianus exitiosus.

The 77 taxa from dry meadow habitat represented eleven orders and 50
families, the highest diversity overall. In contrast, the 29 taxa from flooded
meadow habitat were from six orders and fifteen families, and the 51 taxa from
the river represented six orders and 27 families.

Family richness was high for Diptera (flies and relatives) across all three
habitats (Tables 2,3,4). In addition, family richness was high within the
Coleoptera (beetles), Hymenoptera (wasps, ants), and Araneae (spiders) in the
dry meadow and within Ephemeroptera (mayflies), Trichoptera (caddisflies), and
Plecoptera (stoneflies) in the river.

Groups for which richness was high at the genus level varied among the
three habitats. In the dry meadow, richness was greatest in the Cicadellidae

and Delphacidae (two families of Homoptera, or leafhoppers), in the Formicidae
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(ants, in the order Hymenoptera), and in the Chloropidae (a dipteran family;
Table 2). In the flooded meadow, Dytiscidae (predaceous diving beetles),
Hydrophilidae (water scavenger beetles), and Culicidae (mosquitoes, Diptera)
had the highest richness (Table 3). In the river, we found the greatest richness
in Ephemerellidae (a family of mayflies) and Chironomidae (a gnat family,
Diptera; Table 4).

Faunal assemblage structure. There were substantial differences in
abundance among the sampled habitats (Figs 11-14). Wet meadow habitat and
riffles each harbored about 800 animals per square meter, versus about 200
per square meter in dry meadow habitat. The substrate samplers yielded a
striking 87,000 animals per cubic meter.

Both meadow and river fauna demonstrated a relatively high level of
dominance (Figs 11-14). Dry meadows and pools had somewhat more
evenness than the flooded meadows and riffles.

Diptera were important in all examined DEPO habitats. Dry meadows were
dominated by Diptera and Homoptera (Fig 11), whereas the flooded meadows
were dominated by Diptera and Ephemeroptera (Fig 12). Ephemeroptera were
dominant in the riffles, followed by Trichoptera and Diptera (Fig 13), and
Diptera and Ephemeroptera were the most abundant taxa in the pools (Fig 14).

The greatest dominance at the genus and family levels occurred in the flooded
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meadows, where Aedes (Culicidae, mosquitoes) accounted for most of the
dipteran abundance, and Siphlonurus (Siphlonuridae) was the only mayfly
present. These two genera represented 80% of the individuals collected in the
flooded meadows.

There were greater numbers of meadow fauna present in early season
than in late season. Abundances of fauna were almost four times greater in
flooded habitat (present only during the first month after meltoff; fig 12) than
in early-season dry meadow habitat (Figs 11, 15, 16). Total dry abundances
dropped in late season, to about one-sixth and one-third the abundances
present in early season samples in the east and west meadows, respectively
(Figs 15, 16). This seasonal trend was consistent across taxa (sign test; p<
0.0005). The reduction in abundances was greater in the east meadow than
the west meadow across taxa, despite the differing contributions to total
abundance by the various taxa in the two meadows (Figs 15, 16; sign test; p<
0.05).

In contrast, riffle fauna were about twice as abundant in late season as in
early season (Fig 17). These trends were consistent across all fauna (sign test;
p< 0.025).

There were no clear long-term trends in total abundances over three

years of meadow sampling, either for wet (Fig 18) or dry (Fig 19) habitat.
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Riffle abundances fell during the study from 1172 animals per square meter

(SE= 556) to 443 (SE= 77).
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Discussion

Vacuum net efficiency. The thrown netted quadrat appeared to more
efficiently capture flying insects and, in conjunction with the vacuum, resulted
in a technique for sampling alpine meadows that was analogous to the throw
trap in quantitative efficiency. The result is a technique that yields densities
rather than catch-per-unit-effort data.

The utility of the vacuum net in capturing flying taxa and producing
density data stood in contrast to the results obtained for the pitfall traps in
DEPO. However, the ground-dwelling fauna, such as ants and ground beetles,
that were effectively sampled are arguably very useful vital signs (ants:
Greenslade 1978, Andersen 1990, Alonso 2000, Andersen and Majer 2004;
ground beetles: Stork 1990, Freitag 1979, Pearson and Cassola 1992). Pitfall
traps necessarily yield only catch-per-unit-effort data instead of densities, but
these traps, perhaps in conjunction with sweep netting, are a viable sampling
alternative if vacuum use proves intractable due to wilderness considerations.
We are currently comparing results obtained by vacuum netting versus sweep
netting in Yosemite and Sequoia/Kings Canyon National Parks. Our initial results
suggest that sweep netting, though collecting primarily flying fauna and virtually

incapable of yielding density data, does represent a simple and rapid collection
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technique. In addition, sweep netting appears to be a more viable collection
method in areas that are saturated with water but not inundated, i.e., too dry
for throw trapping and too wet for vacuum netting. Baiting (Bestelmeyer et al.
2000, Delabie et al. 2000) is another option if ants were to be targeted as vital
signs (Alonso 2000, Andersen and Majer 2004).

Survey. Diversity in DEPO dry meadow habitat was similar to analogous
habitat in Tuolumne Meadows (Holmquist and Schmidt-Gengenbach 2005),
which produced nine orders and 55 families during 2004 sampling using the
same techniques as in the current study. The same orders were represented in
both Tuolumne Meadows and Devils Postpile, but in addition, Isoptera (termites)
and Odonata (damsel and dragonflies) were collected in the Postpile. Ants,
though present, were much less important in DEPO than in Yosemite, possibly
because of differences in soil moisture. There was greater sampling intensity in
Tuolumne, but the Postpile sampling was conducted over a longer period of
time. Most of the same families were found in both locations for the majority of
orders, but there was only about a 50% overlap in fly and spider families. These
differences would probably wane with increased sampling in both locations. It
will be informative to compare the faunas again after our planned 2005

Tuolumne sampling.



25

Both Tolbert et al. (1977), working in Colorado tundra, and Dethier
(1984), working in Swiss alpine meadows noted an inordinate number of
predators in their systems, and our Yosemite and Devil's Postpile results also
show a relatively “top-heavy” trophic structure. The large number of spiders
and other predators may be taking advantage of the many transient species
that emerge from aquatic habitats.

Given the ephemeral nature of the flooded meadow habitat, lower
diversity is not surprising. For instance, Siphlonurus (Siphlonuridae) may be the
only mayfly family capable of rapidly exploiting these ponds, and siphlonurids
were also the only mayflies collected in flooded Tuolumne meadows (Holmquist
and Schmidt-Gengenbach 2005). Similarly, limnephilids were the only
caddisflies collected in both the Postpile and at Tuolumne. Our initial samples in
wetter montane meadows in Sequoia/Kings Canyon National Parks indicate that
siphlonurids are also likely to be the most common mayflies in that system.
However, some Heptageniidae were also present at Sequoia/Kings, likely as a
function of the greater stream influence and associated sheet flow in these
wetter meadows.

Diptera, Ephemeroptera, Coleoptera, Trichoptera, Odonata, and Hemiptera
(true bugs) were collected in both DEPO and Tuolumne (Holmquist and Schmidt-

Gengenbach 2005) flooded habitat, but Plecoptera (stoneflies), and Collembola
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(springtails) were found in Tuolumne but not in the Postpile. There was about
the same level of family similarity between the two sampling areas as for the
dry meadow samples. Interestingly, one of our first throw trap samples in our
current Sequoia/Kings Canyon National Park sampling was dominated by
stoneflies, perhaps again a function of prominent sheet flow.

Although 40% of the river arthropods were new records, the river fauna
was very similar to that described by Rowan and Parmenter (1994), particularly
at the family level. Both studies collected similar numbers of families and
individual taxa. Rowan and Parmenter did collect an order that we did not:
Megaloptera. Different methods were used, as planned in the design of this
project. Rowan and Parmenter used kick sampling, an excellent technique for
rapidly characterizing a faunal assemblage. We used Surber sampling for riffles
and substrate sampling for pools in an effort to complement Rowan and
Parmenter’s earlier work and to provide density data on assemblages. Both of
the methods used in our study sample a smaller area but do so more
intensively. Nonetheless, these two surveys, separated by ten years, show
equal to or greater similarity for river fauna than were found for flooded and dry
meadow fauna in the Postpile (current study) versus Tuolumne (Holmquist and

Schmidt-Gengenbach 2005).
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One introduced species has appeared in our meadow samples to date.
We have collected the leafhopper Exitianus exitiosus from both Tuolumne
Meadows (Holmquist and Schmidt-Gengenbach 2005) and DEPO. Among the
many introduced species that may use meadows in the Sierra are the
Diamondback Moth Plutella xyllostella and Africanized Honeybees, Apis mellifera
scutellata. The latter have not been collected in Network Parks to our
knowledge but lower elevations are within the current expected range for the
bees. Other potential invasives of note include the Argentine Ant (Iridomyrmex
humilis) and Red Imported Fire Ant (Solenopsis wagneri (invicta)) which are
probably already present, or soon to arrive, within the Network at lower
elevations. We have a reliable May 2005 report of an encounter with "red,
stinging ants" found in potting soil in Three Rivers, and these ants were likely
Solenopsis wagneri (invicta) .

Faunal assemblage structure. Densities for DEPO meadow fauna were
generally similar to those observed in Tuolumne (Holmquist and Schmidt-
Gengenbach 2005), although numbers in both wet and dry samples were
somewhat lower at DEPO. Other trends were similar as well. There were many
more fauna present in early season than in late season. In both DEPO and
Tuolumne, beetles showed substantial decreases through the season, whereas

spiders were among the taxa that declined the least through the growing
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season in both studies. Flooded habitat produced large numbers of animals;
wet samples had about five times the abundance of dry samples during early
season.

Our work suggests that there are aquatic/terrestrial linkages both within
meadows and with other habitats. Meadows are flooded during the first four
weeks after snowmelt. During this time, the meadows are pond-like with
emergent vegetation or slough-like with slow drainage into the nearby river and
streamlets. Thus, in the wet phase, meadows are miniatures of Marjorie
Stoneman Douglas’ (1947) “River of Grass,” also known as the Everglades. The
meadows are similarly teeming with life, and the mud and water appear alive
with wriggling larvae, up to 1,000 or more per square meter. Our study
suggests that much of the annual arthropod production in Devil’'s Postpile
meadows occurs in the flooded portions during this short time period. Many of
these insects spend their adult lives in the neighboring dry portions of meadows
before returning to wet meadow habitat for egg laying. However, for many
taxa, there are several orders of magnitude more aquatic larvae found in
flooded habitat than adults found in dry meadow habitat. Although some losses
are undoubtedly due to aquatic predation, this disparity suggests that many of
the insects emerging from the wet-phase meadows are transported into

neighboring upland forests and thus fuel the food webs in these other habitats.
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Meadows may thus be a nexus for exchanges with streams and forests in
addition to the aquatic-terrestrial linkages that are internal to the meadow
system.

Early-season meadow habitat is known to be susceptible to grazing
impacts, and management decisions are made with this sensitivity in mind.
Given that invertebrate production appeared to be very high in early season and
very low in late season, it is possible that invertebrate assemblages are even
more sensitive than flora to grazing impacts in early season but more resistant
to disturbance in late season. The observed negative influence of soil
compaction on meadow invertebrates (Holmquist and Schmidt-Gengenbach
2005) suggests that soil compaction from stock trampling could negatively
affect meadow invertebrates as well as vegetation. The importance of
invertebrates in ecosystem function and the observed high rates of production
in early-season meadows should warrant consideration when adopting meadow
management practices.

There may be general altitudinal trends in meadow arthropod abundance
and species richness in the Sierra. Low elevation Yosemite Valley (1,220m) dry
meadow sites had 2.5 times the overall abundance of high elevation Tuolumne
(2,650-3,000m) sites (227 versus 91 animals/m?) in Yosemite NP (Holmquist

and Schmidt-Gengenbach 2004; Holmquist and Schmidt-Gengenbach 2005).
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Devil's Postpile NM, at an intermediate elevation of 2,300m, had intermediate
abundances, with 163 arthropods/m?. Of course, other factors, related to
elevation, are likely to explain part of this trend.

The substrate samplers produced very high abundances relative to the
Surber samplers. Even after conservatively correcting for depth sampled, the
substrate samplers collected over 50 times the abundance of the Surber
samplers. The large number of animals collected by the substrate samplers may
be a function of the sampling method, the more quiescent water in which the
devices were placed, and/or the greater percentage of fines and organics found
in these locations. These low-flow habitats clearly represent a significant
resource.

In contrast to the results from the meadows, the greatest abundance of
river fauna occurred in late season. This pattern has been observed in other
western lotic systems (e.g., Minshall 1981, Leland et al. 1986). Early-season
streambed scouring can remove habitat and fauna, and conversely the low flows
found in late season allow accumulation of fines and organics and generally
provide a more benign environment for fauna, particularly early instars (Leland
et al. 1986).

The more heavily used east meadow had many fewer fauna in flooded

meadow habitat than were found in the west meadow. There were not
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pronounced differences in overall abundances in dry meadow habitat
abundances between the two meadows. However, late season abundances for
dry meadow habitat were lower in the east meadow than in the west meadow.
The east meadow was dryer than the west meadow, and flooded portions
disappeared one to three weeks earlier. Whether the dryer state of the east
meadow is due to soil compaction and loss of soil moisture from years of
trampling and social trailing remains unknown. These trends may be a function
of use history, the natural hydrologic regime, or both.

Foot trails in alpine meadows, though less intrusive than roads, can have
surprisingly large effects on invertebrates. Fragmentation of meadow plant
assemblages by trails is relatively apparent, but effects on mobile fauna are
more difficult to discern. Holmquist and Schmidt-Gengenbach (2004) sampled
meadow invertebrate fauna in Yosemite NP using transects that ran
perpendicular to trails in order to assess functional fragmentation of the
meadow assemblage. Effects of trails extended further into the surrounding
meadow habitat than would have been predicted on the basis of vegetation
alone. Invertebrate assemblages in portions of meadows bordering trails had
24% of the abundance of "core" meadow areas across all species. Ants provide
a good example of the extension of trail effects into intact meadow vegetation.

There was an average of 1.6 ants per square meter in trails, and 5.0, 9.0, and
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63.6 ants per square meter in vegetation next to trails, 2 meters from trails,
and 5-10 meters from trails, respectively. Abundances on the trails were even
lower than expected: there was a mean of only 10.2 invertebrates (of all types)
per m? of trail versus 157.5 animals/m? of core meadow habitat. As seen
above, meadow invertebrates are tightly-linked to both aquatic and upland
forest systems, and impacts to meadow fauna can be expected to cascade into
these other habitats.

Human and other diffuse trampling of non-trail substrata can also affect
invertebrate fauna, although comparatively little is known in comparison to
effects on vegetation (Bayfield 1979, Cole 1995a, b). Invertebrates in alpine
meadow soil in Austria are negatively influenced by trampling (Meyer 1993).
Abundance and species richness of soil fauna have been reduced in other
systems due to soil compaction (Chappell et al. 1971; Dézsa-Farkas 1987), and
this relationship has been shown to hold for meadow invertebrates as well
(Holmquist and Schmidt-Gengenbach 2005). Trampling effects on mobile
invertebrates in the aquatic environment can also be mediated by substrate
modification (Eckrich and Holmquist 2000). Effects of heavy foot traffic on
mobile terrestrial invertebrates have seen little attention, and such impacts are
likely to be significant in heavily-used national parks and monuments such as

Sequoia & Kings Canyon NP, Yosemite NP, and Devil's Postpile NM, particularly in
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high elevation meadows with short growing seasons. A controlled experimental
study would be easy to implement.

There was a great deal of year-to-year variability in both wet and dry
meadow abundances, but sample sizes were low, as this study's primary goal
was to maximize dispersion of sampling effort across habitats, space, and time
in an effort to survey as much fauna as possible in a short period of time.
Changes in community structure as a function of ongoing restoration efforts
was not apparent.

Similarly, the two years of riffle sampling produced very different
abundances. Nearby Convict Creek also demonstrates major inter-annual
variability (Leland et al. 1986).

Although there is significant year-to-year variability in this dynamic river-
meadow system, there is also considerable predictability. There are apparent
trends in assemblage structure as a function of season, elevation, and habitat
that have been found throughout the systems sampled to date, including DEPO,

Tuolumne, Yosemite Valley, and Sequoia/Kings.
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Monitoring Recommendations

Aquatic macroinvertebrates are widely accepted as important monitoring
tools (Samways 1994), including the detection of early effects of climate
change (Elliott 1991). Ideally, both ecological and physiological data should be
available for targeted aquatic species (Elliott 1991).

Terrestrial invertebrates have received less attention, at least in the
United States, as monitoring tools; cultural bias may explain some of this
discrepancy. Numerous ecologists have argued against monitoring terrestrial
reserves exclusively via plants and vertebrates, and have contended that
invertebrates should play an important role as reserve selection criteria and as
indicators because of the prominent role that these organisms play in
ecosystem function (Refseth 1980, Disney 1986, Usher 1986, Majer 1987, Yen
1987, Eyre and Rushton 1989, Sutton and Collins 1991, Pearson and Cassola
1992, Usher 1992, Kremen et al. 1993, New 1993, Oliver and Beattie 1994).
Plant data, though critically important, cannot serve as a proxy for invertebrate
assemblage health. For instance, Kremen (1992) found little concurrence
between plant richness and butterfly richness along old trail and road edges.
Similarly, Holmquist and Schmidt-Gengenbach (2004) found many fewer
invertebrates in disrupted portions of meadows than in core meadow habitat,

despite similar vegetation parameters throughout. Erhardt and Thomas (1991)
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found insects to be many times more sensitive to environmental change than
their host plants. Similar results have been reported from aquatic systems, e.g.,
Eckrich and Holmquist (2000) and Uhrin and Holmquist (2003).

Clark and May (2002), in a recent Science article, Taxonomic bias in
conservation research, demonstrated that vertebrates are grossly over-
represented in conservation and management efforts, whereas invertebrates
are poorly represented in such programs. Insects are particularly useful as vital
signs because of their abundance, species richness, ubiquitous presence,
importance in ecosystem function (Holloway 1980, Rosenberg et al. 1986) and
are particularly sensitive to disturbance, expressed both by mortality and
emigration. Effects are often amplified by insects’ prodigious reproductive
potential. Also, the variety of trophic levels represented, even within a given
taxon, makes for great indicator sensitivity (Samways 1994). For these
reasons, invertebrates will often be better as rapid response “sentinel species”
(New 1995) than vegetation surveyed in isolation.

Because of this utility, invertebrates have been used as indicators
throughout the world; a few examples follow. Given the diversity present in
neotropical forests, it is not surprising that insects have served as indicators in
this system (Brown 1997). Europe has a long history of interest in landscape

configuration, and moths, ants, and ground beetles (Carabidae) have been used
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as indicators of land use change (Eyre et al. 1986, Eyre and Luff 1990, Rushton
et al. 1990, Erhardt and Thomas 1991, Luff and Woiwod 1995). Insects have
also been used as indicators in evaluating grazing pressure in Germany (Meyer
and Hans-Dieter 1996). In Australia, indicators have included grasshopper
diversity in Kakadu National Park (Andersen et al. 2001) and leaf litter
invertebrates in Barrine National Park (Jansen 1997). Use of invertebrates as
indicators in Africa includes dung beetles in a savanna ecosystem in Tembe
Elephant Park, South Africa (McGeoch et al. 2002) and snails in Madagascar
(Emberton 1996).

It is not possible or advisable to monitor all species; there are simply too
many. There are an estimated 10,000 arthropods species in the eastern Sierra
alone Sugden (2000). Species level taxonomy and population analyses across
the entire arthropod assemblage is inefficient, costly, and poses difficulties in
interpretation; use of a small subset of invertebrate taxa as indicators is most

effective (Greenslade and New 1991, Kremen et al. 1993, Stork 1994).
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Indicator choices based on past success, widespread use, and broad
applicability are advisable. Six characteristics that are desirable for insect
groups as indicators are outlined by Hellawell (1986) and New (1995):

1) Reasonable, but not overwhelming diversity

2) Well-known taxonomy

3) Easily sampled

4) Sufficient abundance for reliable detection of changes in incidence and
abundance

5) Widespread in the target ecosystem

6) A mixture of ecological roles in the taxon and knowledge of these roles

A number of groups have been used with success, such as Diptera and
parasitic Hymenoptera (Disney 1986) and ants and termites (Andersen 1990).
Ground beetles have been fairly widely used (Stork 1990, Eyre and Luff 1990,
Freitag 1979, Pearson and Cassola 1995, New 1995). New (1984, 1987,
1995) suggests multiple indicator groups for terrestrial systems: Collembola
(soil and litter, in decomposer food webs), leafhoppers and chrysomelid beetles
(herbivores, often host-specific but with different feeding ecologies), ants
(particularly valuable because of wide distribution and diverse trophic

interactions), and ground beetles (active predators).
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There is also information available on groups that have served as poor
indicators. Kremen (1992) found butterflies to be good indicators of
heterogeneity derived from topographic gradient, but of only limited use for
detecting disturbance, and poor indicators of plant assemblage health. Luepke
(1979, as per New 1995) also rejected the following taxa as potential
indicators: tardigrades (water bears), nematodes, phytophagous insects,
hymenopteran parasites, and centipedes. These non-recommendations are
based on various factors including small biomass, poor information base,
difficulty collecting, and redundancy with other taxa.

Ants have had great success as indicator groups in terrestrial systems
(Greenslade 1978, Andersen 1990, Agosti et al. 2000). Much of this utility is
due to the following characteristics of ants: extremely abundant, high species
richness, many specialists, some species occupy high trophic levels, easily
sampled, easily identified, and responsive to changing environmental conditions
(Majer 1983). Erhardt and Thomas (1991) found ants to be three times more
responsive to environmental change than the plants with which they were
associated. Use of functional groups and/or genera of ants can be particularly
efficient, because these higher-level groups 1) bypass ignorance of species level

biology, 2) simplify complex assemblages, 3) provide insights into major
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processes, 4) allow meaningful comparisons on a large geographic scale
(Andersen 1990).

Based on recent work in subalpine meadows of the Sierra Nevada
(Holmquist and Schmidt-Gengenbach 2004, 2005) ant populations, at the
generic or perhaps species level, are promising vital signs for monitoring
alpine/subalpine meadow health, particularly if combined with monitoring order-
level abundances. Per Hellawell's (1986) criteria:

1) Reasonable, but not overwhelming diversity:

Our collections to date in both the Postpile and Yosemite National Park

(Holmquist and Schmidt-Gengenbach 2004) include three subfamilies,

seven genera, and ten species (Table 5). Several other species are likely

to be collected by an extensive monitoring program, including some
invasives.

2) Well-known taxonomy:
We have excellent species-level keys available, and in addition, RR Snelling
will be publishing an additional regional key shortly.

3) Easily sampled:
Our vacuum apparatus works very well with ants. As seen above, tests

with Formica argentea yielded a 92% capture rate.



40

4) Sufficient abundance for reliable detection of changes in incidence and
abundance:
Ants were important constituents of our collections, and these
abundances appear to respond to a variety of influences.

5) Widespread in the target ecosystem:
We collected ants from Yosemite NP (Holmquist and Schmidt-Gengenbach
2004), Devil's Postpile NM (present study), and Sequoia & Kings Canyon
NP (ongoing study by Holmquist and Schmidt-Gengenbach), and ants
were present in the majority of our samples.

6) A mixture of ecological roles in the taxon; knowledge of these roles:
Wheeler and Wheeler (1986), and others as cited, provide descriptions of
a diversity of foraging habitats, nesting requirements, food sources, and

behavioral ecology of the species collected to date (Table 5).

There is an additional benefit to this approach: ants as a group are the
most dangerous arthropod invasives (New 1995), and monitoring this taxon
would provide early detection of destructive exotic species.

We think that the best cost:benefit relationship for aquatic habitats
would be derived from monitoring at the family level. We similarly advocate

monitoring terrestrial meadow habitat at the family level for all taxa and
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additionally tracking ant populations at the genus level. Andersen and Majer
(2004) demonstrate that very little signal is lost by monitoring ant genera
instead of species.

In addition to minimizing costs via carefully chosen reductions in
taxonomic resolution, there are many other cost-saving measures that can be
employed to increase replication without significant signal loss. One source of
simplification would be to sample only vegetation types that appear to harbor
the most fauna: for instance, Carex utriculata (Holmquist and Schmidt-
Gengenbach 2005). This species would be sampled during both the wet and
dry phase. An additional simplification would be to sample only in the first half
of the season. Size thresholds for identification of individual specimens can be
set, because smaller taxa are much more difficult to process and identify
(Andersen and Majer 2004). Some of the terrestrial sorting can be semi-
automated via use of Berlese funnels (Bestelmaeyer et al. 2000) or Winkler
sacks (Besuchet et al. 1987, Bestelmaeyer et al. 2000), particularly for
important indicator taxa such as ants and beetles. Each of these steps could
individually reduce costs by as much as 50% and cumulatively could yield an
order of magnitude less cost or a ten-fold increase in replication.

Because terrestrial meadow habitat represents a relatively small and

accessible component of the Postpile’s natural resources, we recommend
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monitoring these areas in their entirety. We advocate sampling eight randomly-
selected plots in both early and mid-season using the vacuum net.

Flooded meadow habitat is even more restricted, appearing during only
the first month after snowmelt and representing no more than 30% of the
meadows, so sampling throughout these ponded areas would be advisable. We
suggest eight random throwtraps during early season.

The reach of the San Joaquin flowing through the Postpile represents a
more extensive resource but is manageable enough to be sampled throughout
the portion included within NPS boundaries. We recommend the use of three
devices: the Surber and habitat samplers used in the present study, plus kick
netting with a D-frame net (e.g., Frost et al. 1970, Merritt and Cummins 1996)
which does not yield densities but is a good integrative tool. We suggest ten
Surber and ten kick net samples allocated evenly throughout the season and
randomly distributed spatially. We would add a pair of habitat samplers to be

placed annually in selected pools and recovered and processed after one year.
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Table 1. River site numbers and UTM coordinates.
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316050
316186
316158
316220
316064
316107
315995
316018
316125
315926
316186
316100
316199
315907

4166218
4164595
4163490
4165049
4166205
4166394
4165532
4165971
4164474
4163387
4165130
4164524
4164836
4163288
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Table 2. Arthropod taxa in dry meadow habitat in Devils Postpile National
Monument. 1 = Possible new California record, status currently under review by

R. Gill, California Dept of Food & Agriculture.

Insecta
Collembola

Isotomidae
Isotoma?

Odonata

Coenagrionidae
Argia

Orthoptera

Acrididae
Camnula pellucida

Isoptera
Hodotermitidae
Zootermopsis

Hemiptera

Miridae
Labops hesperius?
Labops
Unidentified sp.

Anthocoridae
Xylocoris?

Nabidae
Nabis alternatus?



Lygaeidae
Geocoris
Nysius

Homoptera

Psyllidae
Psylla (Cacopsylla) media

Cicadellidae
Exitianus exitiosus
Amblysellus grex
Dikraneura carneola
Psammotettix lividellus

Delphacidae
Delphacodes occlusa

Coleoptera

Carabidae
Cicindela oregona?
Notaphus
Laemostenus complanatus?

Staphylinidae
Homalota?
Doliponta?
Tachyporus

Scarabaeidae
Serica

Buprestidae
Sphaerobothris

Elateridae
Horistonotus
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Coccinellidae
Unidentified larva

Anthicidae
Ischyropalpus?

Chrysomellidae
Metachroma?

Curculionidae
Unidentified

Hymenoptera

Tenthredinidae
Unidentified sp.
Subf. Nematinae (larva)

Ichneumonidae
Unidentified sp.

Chrysididae
Chrysis pacifica

Pteromalidae
Unidentified sp.

Platygastridae
Unidentified sp.

Formicidae
Camponotus modoc
Formica hewitti
Formica neorufibarbis
Formica fusca
Myrmica sp.1

Sphecidae
Chlorion?
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Lepidoptera

Lycaenidae
Glaucopsyche piasus

Diptera

Chironomidae
Polypedilum
Unidentified

Culicidae
Aedes hexadontus
Aedes cataphylla

Bibionidae
Bibio

Tabanidae
Chrysops

Simuliidae
Simulium

Bombiliidae
Anthrax

Empididae
Unidentified

Lonchopteridae
Lonchoptera furcata?

Phoridae
Megasilea?
Plastophora?

Anthomyiidae
Botanophila?
Chirosia?



Araneae
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Muscidae
Fannia
Musca?
Thricops?

Sarcophagidae
Boettcheria

Agromyzidae
Amauromyza?
Agromyza sp. 1
Agromyza sp. 2

Opomyzidae
Geomyza

Chloropidae
Chlorops?
Homaluroides?
Siphonella?
Meromyza pratorum

Sphaeroceridae
Halidayina?

Theridiidae
Theridion murarium?

Linyphiidae
Unidentified sp. 1
Unidentified sp. 2

Dictynidae
Dictyna reticulata

Lycosidae
Pardosa



Philodromidae
Philodromus

Salticidae
Habrocestum
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Table 3. Arthropod taxa in flooded meadow habitat in Devils Postpile National

Monument.
Insecta
Ephemeroptera

Siphlonuridae
Siphlonurus sp. 1

Odonata

Coenagrionidae
Argia

Hemiptera

Gerridae
Gerris remigis

Saldidae
Saldula

Belostomatidae
Lethoceris americanus

Trichoptera

Limnephilidae
Lenarchus rillus?

Diptera

Tipulidae
Gonomyia



Culicidae
Aedes hexadontus
Aedes ventrovittis
Aedes cataphylla
Aedes melanimon
Aedes increpitus

Bibionidae
Bibio

Stratiomyidae
Caloparyphus sp. 1
Caloparyphus sp. 2

Tabanidae
Chrysops

Coleoptera

Gyrinidae
Gyrinus

Dytiscidae
Hydroporus axillaris?
Hydroporus subpubescens?
Hydroporus sp. 1
Rhantus
Hydaticus
Agabus
Laccophilus decipiens

Hydrophilidae
Helophorus
Hydrobius fuscipes?
Hydrobius sp.

Hydraenidae
Hydraena vandykei?
Ochthebius holmbergi?
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Table 4. Arthropod taxa from the San Joaquin River in Devils Postpile National
Monument. *= new record for the Postpile.

Insecta
Ephemeroptera

Ephemerellidae
Drunella doddsi
Drunella flavilinea
Drunella sp.
Serratella sp.1
Serratella sp.2*
Caudatella hystrix?
Ephemerella*

Heptageniidae
Cinygmula
Epeorus sp. 1
Epeorus sp. 2
Rithrogena

Ameletidae
Ameletus sp.

Leptophlebiidae
Paraleptophlebia *

Baetidae
Baetis sp. 1
Baetis sp. 2

Trichoptera

Glossosomatidae*
Agapetus * taho?

Polycentropodidae*
Polycentropus*



Brachycentridae
Brachycentrus * americanus?
Micrasema

Philopomatidae
Dolophilodes *

Hydropsychidae*
Hydropsyche *

Arctopsyche* grandis?

Limnephilidae
Unidentified pupa

Uenoidae*
Oligophlebodes* sierra?

Hemiptera*

Saldidae*
Unidentified early instar

Plecoptera

Perlidae
Hesperoperla *

Pteronarcyidae
Pteronarcys

Chloroperlidae
Suwallia

Leuctridae*
Paraleuctra*

Perlodidae*
Perlinodes*
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Nemouridae
Malenka

Peltoperlidae
Yoroperla

Diptera

Chironomidae
Orthocladiinae sp.1
Orthocladiinae sp.2
Polypedilum
Thienemannimyia group
Eukiefferiella
Microspectra or Tanytarsus

Tipulidae
Hexatoma *
Dichronota *
Antocha monticola?
Limnophila*

Psychodidae*
Pericoma*

Simuliidae
Simulium

Athericidae
Atherix

Empididae
Unidentified
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Coleoptera

Elmidae
Cleptelmis *
Narpus
Ampumixis?*
Zaitzevia parvula?
Optioservus quadrimaculatus
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Table 5, continued next page. Ant taxa collected in Devils Postpile National
Monument (current study) and/or Yosemite National Park (Holmquist and
Schmidt-Gengenbach 2004) illustrating diversity of foraging habitats, nesting
requirements, food sources, and behavioral ecology (largely derived from
Wheeler and Wheeler 1986).

Family Formicidae
Subfamily Formicinae

Camponotus modoc

Workers highly polymorphic, live in forest-dominated habitats in stumps,
fallen trees, in heartwood of injured trees that are still standing, and soil.
Eat dead and living insects, plants (sap and other secretions), seeds, fruit,
pollen, nectar, fungi, honey, honeydew, do not eat wood removed from
their galleries.

Formica fusca
High altitude. Nests under stones and occasionally under wood or in
exposed soil. Fast-moving, timid. Sometimes enslaved by other species.

Formica hewitti
Mid- to high altitude. Nests under stones, among plant roots, and in
fallen trees.

Formica neorufibarbis

Lives at high altitude; holds elevational record for Nearctic ant fauna
(Gregg 1963). Generally docile. Brood reared quickly (adaptation to
short summer). Feeds on honeydew, liquid from plants (mostly flowers),
and dead arthropods (Francoeur 1973, Bernstein 1976).

Formica subpolita
Mid- to high altitude. Nests under stones or exposed soil. Fast-moving,
timid. Sometimes tends mealybugs (Homoptera).
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Subfamily Dolichoderinae

Conomyrma insana
Nests in exposed soil. Predaceous but feed on honeydew when available.
Forages in rapidly-moving files

Tapinoma sessile

Most common in forest-dominated areas. Common, wide-ranging,
versatile, variety of habitats. Lives in soil under stones and other
objects, under loose bark of stumps and logs, and in plant cavities.
Workers do not exhibit the usual intraspecific hostility between colonies.
Feed on secretions of floral nectaries, dead & living insects, sometimes
cultivate aphids for honeydew.

Subfamily Myrmicinae

Solenopsis validiuscula

Monomorphic. Most common & widespread thief ant, nesting in walls
separating chambers in nests of larger species, where this species robs
food and brooded larvae; sometimes nests under stones, rotting wood, or
exposed soil. Omnivorous or predaceous, feeds on dead & live insects,
can be highly granivorous also, workers known to tend mealybugs, plant
lice, scale insects (Smith 1965).

Leptothorax crassipilis
Form small colonies in rotten wood, soil, insect galls, and nests of other
species, with a preference for pre-formed cavities.

Myrmica brevispinosa group

Montane genus. Prefers damp localities. Nests chiefly under stones, can
be in soil or rotten wood. Workers carnivorous, but also feed on
honeydew of Homoptera and exudates of plants (Smith 1979).
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Figure Captions

Fig 1. Clockwise from upper left: winter, early, mid, and late season meadow
habitat from approximately the same vantage point. Circle in winter
photo indicates a 10 cm exposure of the 2.5 m tall willow stand seen in
the early season photo; the rest of the stand is under the snow. Note
flooding and persisting snow in early season.

Fig 2. Devils Postpile, indicating meadow sites on either side of the San Joaquin
River (open circles) and Surber sampling locations in the river (diamonds).

Fig 3. Tossing the throw trap into flooded meadow habitat.

Fig 4. Clockwise from upper left: scooping fauna out of the throw trap, washing
the bar seine, sorting fauna from detritus, and using the plankton splitter
to split samples into equal portions.

Fig 5. Tossing the netted quadrat and vacuuming fauna from vegetation
through the elasticized aperture in the net. L. Greene photos.

Fig 6. Surber sampling.

Fig 7. Substrate sampler location one year after placement. A portion of the
upper basket, underscored by the white line, is barely emergent from the

substrate.
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Fig 8. Total number of invertebrates per m? and number of volant (flying)
individuals per m? captured with netted and unnetted quadrats (n= 14).
P-values resulted from one-tailed paired t-tests.

Fig 9. Species richness of total invertebrates and volant (flying) invertebrates
captured with netted and unnetted quadrats (n= 14). P-values resulted
from one-tailed paired t-tests.

Fig 10. Percent of fauna by order collected by vacuum netting and pitfall
trapping. Underlined taxa were represented entirely by flying species.

Fig 11. Dry meadow rank-abundance by order.

Fig 12. Flooded meadow rank-abundance by order.

Fig 13. Riffle rank-abundance by order.

Fig 14. Pool rank-abundance by order.

Fig 15. Mean (SE) for abundances of orders in dry samples from the east
meadow of Devils Postpile in early versus late season.

Fig 16. Mean (SE) for abundances of orders in dry samples from the west
meadow of Devils Postpile in early versus late season.

Fig 17. Mean (SE) for abundances of orders in riffles in early versus late season.

Fig 18. Mean (SE) for abundances by year in flooded meadow habitat.

Fig 19. Mean (SE) for abundances by year in dry meadow habitat.
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Dry meadow habitat
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